The present investigation was conducted using twelve flax genotypes namely, Giza 9, Giza 10, Sakha 3, Sakha 4 (local varieties), Jiteka, Blenika, Ilona, Escalina (introduced varieties) and strains 16, 22 and 402//21/10/9 (local strains) grown under field conditions at Tag El-Ezz, El-Dakahlia Governorate during 2010/2011 and 2011/2012 growing seasons. Disease incidence (DI) on the tested genotypes ranged from 44.82 to 90.13% in the first season and from 38.86 to 81.42% in the second one. However, disease severity (DS) ranged from 48.83 to 92.25% in the first season and from 43.83 to 85.85% in the second season. In general, the local genotypes were more resistant to powdery mildew than the introductions due to their adaptation to the local populations of Oidium lini. Some of the differences between the genotypes in disease incidence and disease severity were inconsistent from season to season, which may indicate the occurrence of genotype x environment interaction. Ilona followed by Giza 9 exceeded the other tested genotypes in straw yield traits. However, Strain 22 followed by Strain 16 outyielded other tested genotypes in seed yield traits. Moreover, other tested genotypes showed intermediate estimates for all straw and seed traits in both seasons. All the significant correlation coefficients between disease intensity variables and agronomic traits were negative in each season, which implies that selection for powdery mildew resistance would necessarily lead to an improvement in agronomic traits and vice versa. On the other hand, many significant correlation coefficients were observed among agronomic traits in each season. Cluster analysis of the twelve genotypes based on dissimilarity in agronomic traits and susceptibility to powdery mildew, placed the fiber type genotypes and the oil type genotypes in two distinct unrelated groups. The genetic background of the fiber type genotypes (dissimilarity level = 15) was more diverse that that of the oil type genotypes (dissimilarity level = almost zero). The diversity of the fiber type genotypes may facilitate the selection process for better agronomic traits and more resistance to powdery mildew.
INTRODUCTION
Flax (Linum usitatissimum, L.) is one of the oldest fiber crops cultivated for its seeds and fiber production. Flax is grown in Egypt as a dual purpose crop for its seeds and fibers. Fibers obtained from stems are stronger, more durable, and more resistance to moisture than cotton or wool. The fibers are used in textile industry. Seeds are used in animal feed and human food as a source of omega 3-fatty acids. Linseed oil is a good drying oil used mainly for the preparation of paints and varnish. During the winter season, the land is occupied by wheat, clover, and faba bean. Therefore, the extension of the flax cultivated area in marginal soil )saline and sandy) has become essential. In the Nile Delta, flax is grown for both fibers and seeds in particular in the northern governorates. This area is characterized by the prevalence of warm wet weather during the late period of flax growing season. Such weather favors epiphytotic spread of powdery mildew disease when virulent isolates of the causal fungus occur. In some countries, the causal fungus of the disease has been recorded as a species of Erysiphe (Nyvall, 1981) , but owing to the fact that the perfect stage of this fungus which must be found and identified before the fungus can be referred to as a species of Erysiphe has not been recorded in Egypt, the name of the fungus well be referred to in the present study as that of its imperfect (conidial) stage -Odium lini Škoric (Muskett and Colhoun, 1947) , the only form in which it has been found on flax in Egypt. Under Egyptian conditions, owing to the absence of the perfect stage, it is not known for certain how the fungus survives from growing season to season. It may overwinter on volunteer flax or other hosts (Nyvall, 1981) . The pathogen infects all aboveground flax organs including stems, leaves, flowers and capsules. Powdery mildew (PM) occurs annually in all flax producing areas in Egypt. Physiological races of the pathogen have not been identified because no differential host lines are available to date. Accurate assessment of losses due to the disease in Egypt has not been reported. However, Aly et al. (1994) found significant negative correlation between disease intensity ratings and agronomic traits (yield and yield components). In India, Pandey and Misra (1993) reported that as the disease increased yield losses increased ranging from 11.8 to 38.9% and added that yield losses were greater when the disease appears earlier in the season. Perryan and Fitt (2000) reported a substantial yield loss in yield components of flax by powdery mildew disease. Ashry et al. (2002) found that total length/plant was negatively correlated with each of disease incidence and disease severity, while straw yield/plant was negatively correlated only with the disease incidence.
Fungicides are currently the only commercially available management practices for controlling the disease and minimizing associated losses in straw and seed yields (Mansour, 1988 and Aly et al., 1994) . Complete dependence on fungicides for the disease control carries risks for the producers, in that accurate coverage and distribution of fungicides may not be achieved and there are potential problems with correct timing of application. Furthermore, increasing concern for the environment will likely mean greater regulation for pesticide usage (Pearc et al., 1996) .
Use of cultivars with powdery mildew resistance can resolve all these problems. Therefore, there is a need to improve powdery mildew resistance in flax cultivars through the introgression of resistance gens. Extensive genetic variation for powdery mildew resistance has been identified in some flax populations. For example, Mahto et al. (1995) reported a significant variability among 26 flax genotypes in resistance to powdery mildew, whereas 11 genotypes had above average stability and 7 genotypes of these had high yield. Aly et al. (2001) observed significant differences in the disease occurred between 19 flax genotypes, however some of these differences were inconsistent from one test to another, which may indicate the occurrence of genotype x environment interaction. They also added that most of these genotypes did not have satisfactory levels of powdery mildew resistance. Moreover, the powdery mildew resistance, which was expressed by few of these genotypes was environmentally sensitive and most of the significant correlation coefficients between disease intensity variable and agronomic traits were negative, which implies that selection for powdery mildew resistance would necessarily lead to an improvement in agronomic traits and vice versa. Mansour et al. (2003) evaluated 43 flax introductions for powdery mildew resistance under natural infection conditions and observed significant varietal differences in powdery mildew resistance. They also added that selection of the introduction for powdery mildew resistance was based on disease severity (DS) and not disease incidence (DI), because DS was environmentally more stable. Aly et al. (2004) evaluated 8 flax cultivars for powdery mildew resistance under field conditions and concluded that the difference in DS was highly significant (P < 0.01) between any cultivar belonging the first group (Dakota, Wilden and Wiliston Brown), which included the resistant cultivars and any cultivar belonging to the second group (Cortland, Linore, C.I. 2008, Giza 7 and Giza 8) which included the susceptible cultivars. Zayed et al. (2008) studied susceptibility of 12 flax genotypes to powdery mildew and effect of the disease on yield and yield components. They concluded that most of the tested flax genotypes did not show any satisfactory level of resistance to the disease, however, Line 420/140/5/11, Line 3 and cultivar Sakha 2 were the least susceptible genotypes. They also added that these genotypes showed superiority in some agronomic traits compared with the other genotypes. The results indicated significant correlations among agronomic traits each year. On the contrarily, nonsignificant associations were observed between disease intensity variables (DI and DS) and agronomic traits. Hussein et al. (2011) evaluated 8 flax cultivars for powdery mildew resistance under field conditions and concluded that the introduced cultivars (C.I. 2008, Cortland and Linor) and the local cultivars (Giza 7 and Giza 8) were highly susceptible, however the introduced cultivars (Williston Brown, Wilden and Dakota) were highly resistant.
Flax genotypes significantly differed in their agronomic traits (Hella et al., 1989; Leilah, 1993; Sharief, 1999; El-kady and Abd-El-Fatah 2009; Mourad et al., 2009; El-Kady et al., 2010; Hussein 2012; El-Refaie and Hussien 2012) .
Simple correlation coefficients among flax yield and yield attributes estimated by many investigators (Momtaz et al., 1977; El-Shaer et al., 1983; Aly and Awaad, 1997; Al-Kaddoussi and Moawad 2001; El-kady and Abd-El-Fatah 2009; Hussein, 2012; and El-Refaie, and Hussein, 2012) .
The main objectives of the present study were gimed 1) estimate powdery mildew resistance or susceptibility of introduced and local genotypes when disease intensity variables i.e., disease incidence (DI) and disease severity (DS) were used as criteria for evaluating resistance or susceptibility, 2) to determine the relationship between disease intensity variables (DI and DS) ratings and agronomic traits (yield and yield attributes) as well as determining the relationships among the agronomic traits, 3) to differentiate among the tested genotypes by using cluster analysis.
MATERIALS AND METHODS
Two field experiments were conducted during 2010/2011 and 2011/2012 seasons at Tag El-Ezz Agricultural Research Station, El-Dakahliya Governorate, The soil of the experiment was clay in texture with organic matter of 1.6 and 1.9%, pH of 7.9 and 7.6 and EC (ds/cm) of 4.9 and 5.2 in the first and second season, respectively. The experimental fields were well prepared. Each experiment consisted of a randomized complete blocks design of four replicates (blocks) in each season. Plot size was 2x3 m (6 m²) consisted of 20 rows. Seeds of the tested genotypes (Table 1) were hand drilled into rows 10 cm apart at seedling rate of 50 kg seeds/fed for the local and introduced flax varieties, 60 kg seeds/fed for the promising local strains 16 and 22 and 70 kg seeds/fed for the local strain 402/11/10/9. Weeds were mechanically controlled after 20 days from sowing. Planting dates were 20 th and 15 th November in the first and second season. Seeds of the twelve tested flax genotypes were obtain from Fiber Crops Research Section, Field Crops Research Institute, Agricultural Research Center. Recommended P and K fertilizers were pre-sowing added fully at the rate of 100 kg/fed calcium superphosphate (15.5% P2O5) and 50 kg/fed potassium sulphate (48.5% K2O). Mineral nitrogen fertilizer at the rate of 45 kg/fed in the form of ammonium nitrate (33.5% N) was applied in two equal doses, the first dose was added before the first irrigation and after weed control, while the second was applied before the second irrigation. Flooding irrigation was used in the two seasons of the experimentation. All other agricultural practices for growing flax were conducted as recommended for the region. Powdery mildew (PM) was allowed to develop naturally. Disease incidence (DI) and disease severity (DS) were rated visually on 20 April in the first season and on 25 April in the second one. Disease incidence was measured as percentage of infected plants in a random sample of 50 plants/plot. However, disease severity was measured as percentage of infected leaves/plant in a random samples of 10 plant/plot (Nutter et al., 1991) . The twelve tested flax genotypes differed in their origin and purpose. Origin and purpose of these genotypes are shown in Table ( 1). The preceding crop was rice (Oryza sativa L.) in the first season and maize (Zea mays, L.) in the second season.
At full maturity, ten guarded plants in each experimental unit in the four replications were hand pulled carefully at random to determine the folliwng yield components, however seed, straw and fiber yields/fed were estimated from an area of 3.6 m² from the central area of each plot and then the yields of seed, straw and fiber yields/fed were calculated. On the other hand, retting process made in Fiber Crops Research Institute, Agricultural Research Center to extract flax fiber for studying its quantity and quality parameters. The studied agronomic and technological traits were as follows: 
The retted straw yield/fed 8. Fiber length (cm): It was measured as an average of ten fiber ribbons (bundles) from each plot. 9. Fiber fineness (Nm): It was determined according to Radwan and Momtaz (1966) 
Statistical analysis:
Analysis of variance (ANOVA) of the data was performed on agronomic traits and disease intensity variables to determine genotype effect according to Gomez and Gomez (1984) . The experimental design was a randomized complete block. Mean comparison for variable were made among the twelve tested genotypes by using Least Significant Difference (LSD) at 5 and 1% levels of probability. Person's correlation coefficient was used to evaluate the degree of association between disease intensity variables (DI and DS) and agronomic traits as well as to evaluate the degree of association among agronomic traits. Moreover cluster analysis can be used to identify and differentiate among genptypes with similar adaption. All statistical analyses were performed using the computer software package MSTAT-C.
RESULTS AND DISCUSSION

Evaluation of flax genotypes for PM resistance
The present study was performed in 2010/2011 and 2011/2012 growing seasons (hereafter referred to as year 2011 and 2012, respectively) to evaluate resistance of twelve genotypes to powdery mildew under natural infection conditions in saline soils. Among these twelve tested genotypes, seven were local genotypes (four local varieties and three strains), while the other five genotypes introduced from three countries namely, Czech, Holland and Romania. The twelve tested flax genotypes were Giza 9, Giza 10, Sakha 3 and Sakha 4 (local varieties), Jiteka, Blenika, Escalina, Ilona, and Gentiana (introduced varieties), in addition to strains 16, 22 and 402/21/10/9 (local strains).
The precision of field evaluation of genetic resistance to PM affected by environmental variation and heterogeneous levels of natural inoculum. Agronomic traits and disease intensity variables (DI and DS) were used as criteria for evaluating the tested flax genotypes. Results in Table ( 2) revealed that the differences among the genotypes in DI and DS were significant or highly source of variation among the tested genotypes each year indicating that extensive genetic variation for DI and DS was found among the tested genotypes. Therefore, it seems reasonable to conclude that environmental conditions and levels of inoculumn in 2011 and 2012 were favorable for epiphytotic spread of the disease. As shown in Table ( 2), disease incidence ratings ranged from 44.82 to 90.13% in 2011 and from 38.86 to 81.42% in 2012. However, disease severity ratings ranged from 48.83 to 92.25% in 2011 and from 43.83 to 85.85% in 2012. Mean percentage of DI on the local genotypes (Giza 9, Giza 10, Sakha 3, Sakha 4, Strain 10, strain 22 and Strain 402/21/10/9) was 49.80 in 2011 and 43.07 in 2012, while the mean percentage of DI on the introductions was 71.21 in 2011 and 62.18 in 2012. The same trend was observed regarding DS, which was 56.28 and 50.71 on the local genotypes in 2011 and 2012, respectively, while DS was 77.88 and 69.34% in the introductions in 2011 and 2012, respectively. These results suggest that in general, the local genotypes were more resistant to PM than the introduction. This resistance could be attributed to the adaptation of the local genotypes to the local populations of O. lini. On the other hand, the introductions seem to be less adapted and hence more susceptible. Within the local genotypes, strain 16 was always more resistant to PM than strain 22. Some of the differences between the genotypes in DI or DS were inconsistent from season to season, which may indicate the occurrence of genotype x environment interaction, for example, the differences between Giza 9 and Giza 10 in DI and DS were highly significant in 2011, while they were nonsignificant in 2012. Similarly, the difference in DS between Escalina and Gentiana was highly significant in 2011 while it was nonsignificant in 2012. These results imply that successful screening of flax genotypes for PM resistance requires testing the genotypes in as many seasons as possible as this would give more accurate assessment of their resistance level.
Evaluation of flax genotypes for agronomic traits: a. Straw yield and its attributes:
Results of the analysis of variance (Table 3) detected significant differences among the tested flax genotypes for all straw yield traits i.e. total length/plant, technical stem length, plant straw yield/plant, straw yield/fed, fiber yield/plant, fiber yield/fed, long fiber percentage, fiber length and fiber fineness in both seasons, indicating the presence of considerable amount of genetic variability. Ilona variety followed by Giza 9 variety surpassed the other tested flax genotypes in all straw traits. However, the local strains gave the lowest values of the previous traits in both seasons. Ilona variety exceeded strain 22 by 45. 10, 42.49, 45.29, 46.06, 140.36, 119.11, 29.08, 28.01, 179.79, 147.46, 49.72, 43.80, 16.01, 12.31, 31.81, 36.60, 88 .87 and 85.04% for the abovementioned traits in the first and second seasons, respectively. On the other hand, the other tested flax genotypes recorded intermediate estimates for straw yield traits. The differences between the twelve flax genotypes in different straw yield traits may be attributed to genetical factors. Similar conclusions were reported by Hella et al. (1989) , Leilah (1993) , Sharief (1999) , Mourad et al. (2009 ), El-Kady et al. (2010 , Hussein (2012) and El-kady and Abd-El-Fatah 2009; El-Refaie and Hussein (2012).
b. Seed yield and its attributes
Differences among the twelve tested flax genotypes in seed yield traits are shown in Table ( 4) . Analysis of variance revealed that flax genotypes differed significantly in seed yield traits i.e. number of apical branches/plant, number of capsules/plant, number of seeds/capsules, seed index, seed yield/plant, seed yield/fed, seed oil percentage and oil yield/fed in both seasons. The local strain 22 followed by Strain 16 and Gentiana variety outyielded the other tested flax genotypes in seed yield traits in the two seasons. However, Escalina variety, followed by Jiteka and Sakha 3 gave the lowest seed yield traits. Other tested genotypes recorded intermediate estimates for seed yield traits in both seasons. The local Strain 22 exceeded introduced variety Escalina by 58. 79, 68.48, 75.33, 88.93, 48.34, 56.78, 90.38, 83.59, 100.75, 94.64, 151.05, 172.11, 41.56, 39.97, 255.40 and 280 .89% for the previous traits in the first and second seasons, respectively. The differences between the twelve tested flax genotypes in seed yield traits could be attributed to the genetical background. These results are in agreement with those reported by several investigators (Hella et al., (1989) ; Leileh, (1993); Sharief, (1999); El-kady and Abd-El-Fatah (2009) 
Correlation coefficient study
The correlation coefficient is one of the most important measurements for the degree of association between any two traits; thus, it is applied in plant breeding programs. Correlation coefficient between yield and yield components varying in magnitude and direction were reported in different flax yield studies.
a. Correlation coefficient between PM intensity variables agronomic traits
Correlation coefficients for powdery mildew intensity variables (DI and DS) and agronomic traits (straw and seed yields and their attributes) for twelve tested flax genotypes under field conditions in Tag El-Ezz Research Station, Dakahlia Governorate during 2010/2011 and 2011/2012 seasons are presented in Table 5 . It well known that the type and degree of correlation between traits may facilitate the selection process in breeding program. Selection for any trait may result in an improvement or deterioration in other traits according to the type and the degree of association between traits. In this study, all of the significant coefficients between disease intensity variables and agronomic traits were negative (Table 5) , which implies that selection for powdery mildew (PM) resistance would necessarily lead to an improvement in agronomic traits and vice versa. The negative correlation, also indicate deterioration in most of the agronomic traits due to the occurance of PM. This negative correlation between disease intensity variables (DI and DS) and agronomic traits was previously reported by Aly et al. (1994 and 2002) . Table (5 
b. Correlation coefficient among agronomic traits:
Simple correlation coefficients between straw and seed yields and their attributed variables for twelve tested flax genotypes infected with powdery mildew under field conditions in 2010/2011 and 2011/2012 seasons are presented in Tables 6 .I t is evident that straw yield/fed, positively and significantly correlated with its attributed variables i.e. total and technical stem length/plant, straw and fiber yields/plant, fiber length and fineness. However, positive and insignificant association was found between straw yield/fed and each of straw yield/plant and long fiber percentage. Moreover, negative and insignificant association was observed between straw yield/fed and each of technical stem length, fiber yield/plant, number of apical branches and capsules/plant, number of seeds/capsule, seed index, seed yield/plant, seed and oil yields/fed and seed oil percentage. Similarly, seed yield/fed positively and significantly correlated with its attributed variables i.e. number of apical branches and capsules/plant, number of seeds/capsule, seed index, seed yield/plant, seed oil percentage and oil yield/fed. However, a positive and insignificant association was found between seed index and seed oil percentage. Other seed yield attributes were positively and significantly correlated with each other. Similar trend was observed for straw and seed yields and their attributed variables (agronomic traits) in 2011/2012 season (Table 7) . Similar findings were reported by Momtaz et al. (1977) , El-Shaer et al. (1983) , Aly and Awaad (1997) , Sharief (1999) , Al-kaddoussi and Moawad (2001) El-kady and Abd-El-Fatah 2009; EL-Refaie and Hussein (2012) .
Cluster analysis study
Cluster analysis can be used to identify cultivars with similar adaption which can be useful for sampling in subsequent studies and parental selection in hybridization breeding programs.
Cluster analysis was applied to illustrate relative genetic distance and genetic divergence within a given germplasm base.. A phenogram based on average linkage cluster analysis of twelve flax genotypes based on dissimilarity in their agronomic traits and susceptibility to O. lini are presented in Fig. 1 .
As shown in Fig. 1 , the phenogram separated the twelve flax genotypes into three main groups, six of flax varieties i.e. Giza 10, Sakha 4, Escalina, Giza 9, Sakha 3 and Blenika were placed in the first group (dissimilarly level = 2.5), while the flax varieties Jiteka and Ilona were placed in the second group (dissimilarly level = 5) and the flax variety Gentiana and the promising strains 16 22 and 402/20/10/9 were placed in the third group (dissimilarity level = almost zero). The flax genotypes of the first and the second group were classified as a fiber type that characterized by an increase in straw yield traits. On the other hand, the flax genotypes of the third group were classified as an oil type that characterized by an increase in seed yield traits.
These results suggest that the genetic background of the fiber type genotypes (dissimilarly level = 15) is more diverse compared with that of the oil type genotypes (dissimilarly level = almost zero). The diversity of fiber type genotypes may facilitate the selection process for better agronomic traits and more resistance to PM. Production, Mansoura Univ., Vol. 4 (1) : 33 -50, 2013 
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